A Petawatt facility called PETAL (PETawatt Aquitaine Laser) is under development near the LMJ (Laser MegaJoule) at CEA Cesta, France. PETAL facility uses chirped pulse amplification (CPA) technique. This system needs large pulse compression gratings exhibiting damage threshold of more than 4 J/cm² in normal beam at 1.053µm and for 500fs pulses. In this paper, we present our recent progress and developments of such pulse compression gratings. We have shown in previous works that the enhancement of the near electric field inside the pillars of the grating drives the damage threshold. This was evidenced from a macroscopic point of view by laser damage testing. We herein demonstrate that damage morphology during damage initiation at the scale of the grating groove is also consistent with this electric field dependence. Some recent grating designs will also be detailed.
INTRODUCTION
PETAL [1] (PETawatt Aquitaine Laser) laser beam is currently under construction on the Megajoule Laser (LMJ), in France [2] . This facility consists in the combination of a high intensity multi-Petawatt laser line synchronized with the nanosecond LMJ laser beams. The PETAL short pulse line is designed to deliver short pulses (500fs -10ps) with ultra high power beam of several PW. PETAL is based on chirped pulse amplification (CPA) method [3] in combination with Optical Parametric Amplification (OPA) in the front end and will deliver 3.6 kJ of energy with 500fs pulse duration at the wavelength of 1.053µm.
The compressor of the PETAL facility is a two stages compressor depicted in Figure 1 [4] . A first compressor is used to reduce the pulse duration from a few nanoseconds to some hundred picoseconds in an unfolded double pass configuration. A second compressor under vacuum is then used to reduce the pulse duration from few hundred picoseconds to the 500 fs pulse final duration. This last compressor is a single pass compressor involving 4 independent sub-compressors instead of a mosaic compressor. The compressors, as many other similar systems, are made of large diffraction gratings used in reflection to compress the laser pulses. Moreover, compressing up to 3.6 kJ with a beam size of 37 x 37 cm² imposes a damage threshold of 4 J/cm² normal beam for 500fs pulses on the last grating of the vacuum compressor (taking into account beam modulations). An experimental demonstration of the feasibility of the sub aperture compression scheme has been achieved in the PETAL facility and already presented elsewhere [5] . After compression, the laser beam is conveyed under vacuum to the target chamber by a set of large transport mirrors. These mirrors are used at an incidence close to 45° in TE or TM polarization depending on their location. Focusing on target is then performed by a parabola. Laser induced damage threshold of all the large optics (gratings, mirrors and parabola) operating under vacuum is a real challenge. We detail in this paper our efforts in the field of pulse compression gratings. The main specifications of these gratings are detailed below
• 1780 l/mm, 
MULTIDIELECTRIC PULSE COMPRESSION GRATING DAMAGE MECHANISMS
First, large size high intensity short pulse laser facilities used gold gratings to compress laser beams. Damage threshold of these gratings are limited to 0.5 to 1 J/cm² at 500 fs normal beam at the wavelength of 1.053 µm [6] . To overcome this limitation, MLD gratings consisting of a multidielectric mirror with a grating engraved in its top layer were introduced by LLNL [7] leading to a significant improvement in the laser induced damage (LID) threshold thanks to the suppression of metal in the structure [8] . Since then, efforts were made in the last decade to enhance damage performances of MLD grating and to understand physical mechanism leading to LID. First assumptions of the role of the electric field enhancement on the LID were advanced by Britten et al [9] . Damage testing an 1800 l/mm MLD grating at various incidences revealed that the threshold was better fitted by an 1/|E|² law than a 1/cosθ one (with θ the angle of incidence). But incertitude in threshold measurement of typically +/-10% was still not negligible compared to the differences if the 2 fits. It was also shown that thin pillar tends to reduce the E field enhancement while thick pillar enhance it. More recently our group performed a complete study of the impact of the electric field enhancement on the LID by manufacturing and damage testing 1780 l/mm MLD gratings at an incidence of 77.2°, TE at the wavelength of 1.053µm, 500fs pulse duration. Samples tested differ by the grating profile in terms of pillar height and duty cycle. Damage testing was performed on the DERIC facility in S/1 mode, 10Hz, with 100 sites tested and 100 shots per site. A full description of DERIC setup is available elsewhere [10] . During this study, we evidenced that damage threshold is proportional to 1/|E|² in the grating material [10] . This result was also observed on Mixed Metal Dielectric (MMLD) gratings. The MMLD grating is basically a mirror constituted of a gold layer covered by some pairs of dielectrics with a low index top layer engraved [11] . This principle was proposed to reduce the stack thickness and suppress crazing issues that sometimes occurs when dielectric coating are under vacuum [12] . Moreover such a design is also of interest in the context of large spectral bandwidth. While testing these MMLD gratings, we also observed a LID proportional to 1/|E|² [12, 13] . These two results are summarized on Figure 2 . Figure 2 : Damage performance at 1.053 μm, TE polarization, and 500 fs versus 1/E² maximum on different MMLD grating samples [12] and MLD grating samples [11] tested at 77.2°.
If in both cases, electric field dependence is linear, the value of LID differs, driven by the material properties of the dielectric coating which in this case was performed by two different suppliers for MLD and MMLD gratings. It is also interesting to notice that when optimizing a pulse compression grating for high damage threshold, ones have to make a compromise between diffraction efficiency and electric field enhancement reduction. This is illustrated on Figure 3 for a 1780 l/mm MLD grating at 77.2°, TE. It's interesting to notice that LID is not linked to DE and that for this peculiar design, the highest LID is obtained for a 89% DE grating with a duty cycle of 18%.
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We also investigated damage initiation on pulse compression grating at a microscopic scale. For this purpose, a 1780 l/mm grating was damage tested on the DERIC facility and observed by Scanning Electron Microscopy (SEM). Figure 5 present the SEM image obtained. Incoming wave is coming from the left side in both cases.
We can see that grating pillars damage on the side opposite to the incoming wave with good concordance with electric field repartition. A perpendicular periodic can also be observed. Such periodic called ripple was observed on various materials. Ripples are likely to be induced by interferences between the incoming wave and a scattered wave due to surface roughness [15] . Grating pillar roughness is rather high due to the manufacturing process. In order to assess this hypothesis, we damage tested a MLD grating optimized in TE pol in both TE and TM polarization. The interest of such an experiment is that in TM polarization, pillar roughness is almost not seen by the incoming wave and ripples should then disappear. It is exactly what is seen during experiments. Moreover we notice that LID in TM is increased by a factor notably superior to the [E|² ratio. This evidence that ripples limit the damage performances of MLD grating in TE. It then paves the way to the development of TM MLD gratings. A. We have made some… the sample we have manufactured and tested at CEA has a chrome layer between the gold and the glass to improve adhesion and we put the dielectric layer on top. We tested the integrity of the MML grating structure in vacuum by putting the parts in vacuum to test for crazing. We saw no crazing on the parts. To be sure of the experiment, we also investigated some samples where crazing was known to be a problem and we indeed did notice crazing on those parts. So we think that the design and the parts manufactured are robust by this technique.
Q. Many years ago, we did a similar experiment by taking a piece of sodium chloride and putting it on the edge of a polishing wheel, not so sophisticated as a grating, but nonetheless measured the damage threshold parallel to the lines and perpendicular to the lines and achieved results similar to those you presented here. This is just a confirmation of your results.
A. Thanks.
Q. I have a comment that this presentation only discusses the pair of surface for compression of laser pulses. But, there is a new technology that only uses only one volume grating that brings a thousand times decrease in the size of the compressor and therefore increases the laser damage threshold because no surface profile is present since it is a polished surface. This should be considered for high laser power applications.
A. My presentation is focused on large-scale optics for ultra high intensity lasers. You can make very nice things on small scales, small, parts, or even compressing laser pulses with PTR glass, but if you want to have half-meter or meter optics, the best solution is not so much a question of this but of dollars and perhaps production time.
Q. For the TM polarization that shows higher pulsed laser induced damage threshold in your report, I wonder whether a similar design was used for both TM and TE polarization experiments?
A. It was exactly the same design because the same sample was used.
Q. But, for TM and TE polarization, the same design showed different efficiencies? Is this okay?
A. Yes, that was the same question that was raised earlier. I answered that it is included in the calculation of the electric field. We do have differences in diffraction efficiency, that's right, but we can calculate it.
